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Abstract 
Sensitivity of WRF-EMS model using combination of convective and planetary boundary layer was analyzed using eight 
experiments that were conducted during wet and dry seasons over West Sumatra. Parameter used were forecast error, root mean 
square error (RMSE), threat score (TS), probability of detection (POD), false alarm ratio (FAR) for 24 and 48 hours rainfall 
accumulation. WRF-EMS Model with combination of BMJ-ACM2 is the best interm schemes of the consistency of pattern and 
intensity of rainfall compared with TRMM for 24 and 48 hours accumulation. Model verifications on Tabing station revealed that 
during wet season the values of RMSE were 0.64 and 0.38 mm and TS values were 0.86 for 24 hours and 0.73 for 48 hours. 
Meanwhile, during dry season RMSE were 0.27 and 0.45 with TS values were 0.50 for both 24 and 48 hours. POD and FAR 
values were 1.0 and 0.14 (24 hours), 0.89 and 0.20 (48 hours) during wet season. In addition, POD and FAR values were 0.67 
and 0.34 (24 hours), 0.75 and 0.40 (48 hours) during dry seasons. Thus, we found that WRF-EMS model is more accurate to 
predict rainfall during the wet season than dry season over Tabing, West Sumatra. 
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1. Introduction 
Technological development to understand the dynamics of the atmosphere has reached a stage of weather 
prediction. Weather Research and Forecasting Environmental-Modelling System (WRF-EMS) is one of the tools 
that can be used as mesoscale reference weather prediction in various fields of research and operational. WRF-EMS 
model has been widely applied on various countries in predicting weather events such as Canada, Spain, India, and 
Egypt [1- 4]. 
The purpose of this study is to examine the sensitivity of WRF-EMS model performances to predict rainfall using 
combination of two different convective and planetary boundary layer (PBL) schemes over West Sumatra during wet 
and dry seasons. Rainfall is one of the driving factors of hydrometeorology disaster in Indonesia, such as floods and 
landslides. Hence, it would require a study to determine the accuracy level of WRF-EMS model of rainfall 
prediction in Indonesia.  
Previous research had been conducted in Jakarta, West Java and Mataram using convective scheme which can 
represent a major rain events in the tropics [5]. Convective schemes aim to mimic the effect of cumulus clouds 
formation that attempt as convection trigger by modify the temperature and moisture profile in a column grid model 
[1]. Meanwhile, the use of PBL scheme was very rarely found in a rain prediction study except scheme of Yonsei 
University (YSU). PBL is a critical layer in determining meteorological elements conditions. Turbulence process 
becomes a dominant factor deciding atmospheric stability and the process of cloud formation due to the influence of 
the mixing air and humidity. This condition causes the PBL as one of parameterization which is indispensable in 
meteorological modeling [6, 7]. 
However, simulating rainfall prediction using some combination of convective scheme-planetary boundary layer 
(PBL) has not been much studied in the tropics, including Indonesia. Research on rainfall prediction over Southern 
region of Spain, stated that PBL scheme is one of the major component that can improve the quality rainfall 
prediction [2]. Combination of convective-PBL scheme needs to be assessed for the equatorial tropical region of 
Indonesia. West Sumatra has chosen to be a place where research is conducted using WRF-EMS model because it 
has a high potential for rain event. There are many conditions that support rain event in this area, such as equatorial 
position within high intensity of rainfall event, complex landscapes and affect by land-sea breeze from Indian Ocean 
[15]. West Sumatra has an equatorial rainfall characteristic, which mean there are two peak of annual rainfall on this 
area. Model WRF-EMS needs to be applied to the area that has complex topography and directly adjacent to the 
Indian Ocean, so that sensitivity of WRF-EMS models in predicting occurrence of rainfall in the wet and dry season 
will be known. 
2. Method 
We used WRF-EMS model using eight combinations of convective and planetary boundary layer schemes to 
predict rainfall over West Sumatra. We selected Advanced Research WRF (WRF-ARW) to simulated rainfall using 
this model. Fig. 1 shows our domain setup using 2 nested domain inside the parent domain with resolution: domain 1 
(27 km), domain 2 (9 km) and domain 3 (3 km). The center of domain were focused on 00°57` LS and 100°21` BT 
which covers area of Tabing, West Sumatra. Table 1 lists the simulations which have been performed by WRF-EMS 
model using different of parameterization and initial conditions. 
This study using Global Forecast System (GFS) data with resolution 0.5°. The simulations were initialized at 12 
UTC using 12 hours of spin-up model [8, 9]. Spin-up model required time to achieve hydrostatic equilibrium. Spin-
up model carried out for 12 hours, so the output data in the first 12 hours cannot be used. Running process was done 
by using two types of convective scheme and two types of planetary boundary layer schemes. Grell 3D Devenyi 
ensemble (G3D) and Betts Miller Janjic (BMJ) were used in this study. These schemes were commonly used and 
showed a good result to predict rainfall in Indonesia [5, 10]. Meanwhile, planetary boundary layer (PBL) 
parameterization which used in this study were Yonsei University (YSU) and Asymetric Convective Model Version 
2 (ACM2). Turbulence process becomes a dominant factor deciding atmospheric stability and the formation of 
clouds due to the influence of the air mixing and humidity. So, this reason made PBL as a critical layer in 
determining rainfall predictions [6]. YSU was commonly used as a default scheme setting on the WRF-EMS. In the 
other hand, ACM2 scheme was rarely used in a rain prediction research. According to Arguesso et al. [2], 
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convective parameterization and PBL were two types of scheme as major component in describing the occurrence of 
rainfall in the region of Southern Spain. We used BMJ-ACM2 and BMJ-YSU for parameterization combination. The 
use of convective scheme configuration with the right PBL will improve the model performance, so that is why it is 
being necessary to study in tropical regions using convective parameterization configuration and PBL for rain 
prediction. 
Fig. 1. WRF-EMS domain setup with the parent domain (larger rectangle) and 2 nested child domain over part Sumatra. The center point of each 
domain is indicated by the yellow circle while the numbers (1, 2, 3) refers to the domain. 
Default settings were using microphysics schemes, short-wave, long-wave and terrestrial. According to Narita 
and Shiro [11], default setting microphysics scheme on the model WRF-EMS governing the setting of mixing ratio 
of water (water vapor, cloud water, rain, cloud ice, snow and graupel). Effect of vegetation, temperature and soil 
moisture on 4 layers using a variable heat latent, as well as radiation flux is selected by the NOAH terrestrial scheme 
as a default [12]. Meanwhile, setting short-and long-wave were schemed by RRTM and Dudhia [14]. 
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Model output was produced to predict rainfall events for 72 hours prediction on December 27-30 2013 and 
August 9-12 2014. This 3-hourly output data on December and August represents the rainfall occurrence on wet and 
dry season over West Sumatra. Model output was compared with TRMM and observations data for 24 and 48 hours 
accumulated rainfall. NCAR Command Language (NCL) was used to visualize rainfall prediction by model and 
TRMM data on domain 1, domain 2, and domain 3. Spatial comparison between model and TRMM conducted in 
domain 2. Model verification was done to determine rainfall prediction on Tabing, West Sumatra. Observation and 
simulation data were evaluated to determine the forecast error, root mean square error (RMSE), threat score (TS), 
probability of detection (POD), False Alarm Ratio (FAR). 
Table 1. WRF-EMS simulation`s initialization and end times for each experiment using different cumulus and planetary boundary layer 
parameterization scheme. 
Experiments Parameterizations Initial Date 
EXP1 BMJ-YSU December 27th 2013 
EXP2 BMJ-YSU August 9th 2014 
EXP3 G3D-YSU December 27th 2013 
EXP4 G3D-YSU August 9th 2014 
EXP5 BMJ-ACM2 December 27th 2013 
EXP6 BMJ-ACM2 August 9th 2014 
EXP7 G3D-ACM2 December27th 2013 
EXP8 G3D-ACM2 August 9th 2014 
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3. Results 
3.1. Comparison of the simulated rainfall prediction and TRMM 
Fig. 2 shows that TRMM rainfall pattern is similar with experiment 1 (BMJ-YSU), 5 (G3D-ACM2) and 7 (G3D-
ACM2). Experiment 5 (G3D-ACM2) showed the closest relation to TRMM pattern, particularly in the Indian Ocean 
region and some parts of Sumatra Island, although the predicted rain was overestimated for 24 hours accumulation. 
Accumulation rainfall for 48 hours were overestimated to predict patterns and immensity than TRMM in all 
experiments, especially experiments 3 and 7 (Fig. 3). Experiment 5 (BMJ-ACM2) simulated realistically than other 
experiments. Also, immensity and rainfall pattern quite similar to TRMM on Indian Ocean region although 
overestimated on Sumatra Island. 
Experiment 5 (BMJ-ACM2) showed a good result in predicting rainfall pattern and immensity, also had a good 
consistency for 24 hours and 48 hours accumulation as shown in Fig. 2 and Fig. 3. Experiment 5 (BMJ-ACM2) was 
the best scheme in predicting rainfall pattern and immensity on Sumatra mainland along with the western coast of 
Sumatra, although the amount of rainfall was overestimated than TRMM. 
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Fig. 2. Rainfall accumulation for 24 hours using 4 different experiments for model output and TRMM on 03 UTC December 28th 2013 until 03 
UTC December 29th 2013. 
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Fig. 3. Rainfall accumulation for 48 hours using 4 different experiments for model output and TRMM on 03 UTC December 28th 2013 to 03 UTC 
December 29th 2013. 
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Fig. 4. Rainfall accumulation for 24 hours using 4 different experiments for model output and TRMM on 03 UTC August 9th to 03 UTC August 
12th 2014 
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Fig. 5. Rainfall accumulation for 48 hours using 4 different experiments for model output and TRMM on 03 UTC August 9th to 03 UTC August 
12th 2014. 
In general, the pattern and immensity rainfall prediction on experiments 2 (BMJ-YSU), 6 (BMJ-ACM2) and 8 
(G3D-ACM2) were similar to TRMM (Fig. 4). However, experiments 6 (BMJ-ACM2) showed the closest amount 
of rainfall than other experiments for the next 24 hours, especially along the Sumatra and the Indian Ocean, though 
some predictions were overestimated. Predictions were made during the next 48 hours in the dry season in August. 
Fig. 5 shows pattern and immensity of overestimated rainfall prediction for all experiments, especially in the area of 
the Indian Ocean and the Strait of Malacca. Based on the pattern and immensity of rainfall, experiment 4 is still the 
most overestimated conditions compared to other experiments. The best pattern was shown by experiments 6 (BMJ-
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ACM2), especially on Sumatra, parts of Indian Ocean and the Strait of Malacca, although the amount of rainfall was 
still overestimated, especially in the Indian Ocean south of the island of Sumatra. 
Analysis of the rainfall events patterns which generated by the model WRF-EMS that using four kinds of 
experiments with different configurations showed a good result against the TRMM spatially. Combination schemes 
used in the Experiment 5 for the wet season and Experiments 6 for the dry season were the best experiments for 
rainfall prediction according to the spatial result. Those experiments consist the combination of convective BMJ 
scheme and ACM2 scheme. This combination has the best schematic configuration in predicting the pattern and 
extent of rain events on the domain 2 in the region of Sumatra and Indian Ocean. This condition was supported by 
the results of the spatial prediction of 24 hours and 48 hours that showed consistently good results against the 
TRMM.
This study discovered that convective scheme BMJ was better than G3D over West Sumatra interm of rainfall 
prediction. The effect of triggering on G3D schemes was too early to produce rainfall on the model than BMJ [1]. In 
this case, G3D would produce rainfall amount much more than BMJ on the grid area and caused overestimated 
rainfall prediction, especially in the ocean. BMJ scheme looks better than G3D because BMJ using assumption of 
cloud efficiency factor. This assumption resulted rainfall amount that produced by BMJ less than G3D and even 
closer to TRMM.  
Cloud efficiency factor regulates the control of the deep convection over the tropical oceans, so that the process is 
more efficient and the rain prediction will not too overestimated [1]. This study found that the PBL scheme ACM2 
can improve the accuracy of prediction of rain on the domain 2. The combination of PBL using ACM2 scheme can 
improve the accuracy of predicted results, both in pattern, size and quantity of rain. This is supported by Arguesso et
al. [2] that the PBL scheme ACM2 combined with appropriate convective scheme can improve the accuracy of 
predictions of a model. 
3.2. Comparison of rainfall model and TRMM on Tabing, West Sumatra
This comparison aimed to analyze how close the pattern of rainfall which is produced by TRMM at Tabing 
observation and by the model. TRMM rainfall pattern identified to be decisive observation point for conduct 
analysis of the model in the next stage. This study used TRMM data because of the limited existing weather 
observation stations in the West Sumatra. Zeng et al. [13] found that the TRMM 3B42 satellite data had a higher 
accuracy for annual rainfall data compared to CMORPH and PERSIANN. 
The pattern and distribution of 3 hourly rainfall TRMM data is quite similar to the observation data station 
Tabing, West Sumatra (Fig. 8). The presence or absence of rain caught well from 18 UTC December 28 2013 until 9 
UTC December 29 2013. However, the amount of rainfall is underestimated. Meanwhile Fig. 9 shows the difference 
in the amount of rainfall which is obtained by TRMM and observation data in Tabing for the dry season on August. 
Both of the figures (Fig. 8 and Fig. 9) state that 3 hourly TRMM data used in this study has not been able to 
represent the rain event in the wet season (December) and the dry season (August) in the region of Tabing, West 
Sumatra. 
Accumulated rainfall for 24 and 48 hours in December 2013 and August 2014 had a significant difference 
between the TRMM rainfall accumulation data and observation data at Tabing (Fig. 10). It proves that the amount of 
rainfall which is estimated by TRMM accumulated during 24 and 48 hours is still not able to represent the rainfall 
that occurred at the Tabing, although at certain times TRMM can catch the presence or absence of rain at the 
observation station.  
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Fig. 6. Comparison of TRMM and observation rainfall 3 hourly data on 12 UTC December 27 to 12 UTC December 30 2013. 
Fig. 7. Comparison of TRMM and Observation rainfall 3-hourly data on 12 UTC August 9th until 12 UTC August 12th 2014. 
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(a) (b)
Fig. 8. Rainfall accumulation TRMM and Observation data for 24 hours and 48 hours on December 2013 (a) and August 2014 (b). 
3.3. Model verifications 
Fig. 9. Observational data location at Tabing, West Sumatra. 
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Spatial analysis of the TRMM in domain 2 showed that the predictions were overestimated. However, a 
comparison of rainfall amount of TRMM against Tabing observation was underestimated. This condition indicates 
that even spatially on domain 2, the model output was overestimated. Still, there is a possibility which makes the 
values of rainfall from output model underestimated. So that, model modification is necessary to make sure how 
good model by using statistical analysis.  
Fig. 10. Forecast error of rainfall accumulation for 24 hour and 48 hours on Dec 2013 (a) and August 2014 (b) 
Forecast error which is generated by each experiments in the wet and dry seasons was underestimated than 
observation. It was characterized by negative values (Fig. 12). Generally, forecast error was significantly increased 
from 24 hours to 48 hours predictions. Experiment 3 (G3D-YSU) and Experiment 5 (BMJ-ACM2) have a consistent 
error for 24 to 48 hours, but Experiment 3 had a smaller error than Experiment 5 based on Fig. 10a. On August, 
error which obtained by the model was much smaller than December. Each experiment has increased error 
significantly from 24 hours to 48 hours. On Fig. 10b, Experiment 8 (G3D-ACM2) obtained the smallest error for the 
next 24 hours (3 mm), but it had a very large forecast errors about 33 mm for the prediction of the next 48 hours. 
Compared to Experiment 8, Experiment 6 (BMJ-ACM2) had a smaller and more consistent values for 24 (4 mm) to 
48 hours (16 mm). However, the most consistent and the smallest forecast error values was the Experiment 2 (BMJ-
YSU). 
In order to know how good this model to predict rainfall over West Sumatra, RMSE, TS, POD, and FAR were 
used to determine the ability of models in predicting rain at Tabing station, West Sumatra. Consistency of RMSE 
values have seen from how much RMSE changed in each experiment for prediction of 24 and 48 hours. The smaller 
changes that occur, the model is more consistent. Meanwhile, the threat score (TS) is said to be consistent if it has a 
higher TS compared to other experiments for 24 and 48 hours ahead. To strengthen the analysis, the value of POD 
and FAR associated also with RMSE, TS and forecast errors which have been obtained previously. 
Table 2 illustrates the detail of verification on each experiment in wet season on December 2013. The results 
showed that Experiment 3 (G3D-YSU) and Experiment 5 (BMJ-ACM2) were more consistent than other 
experiments. Consistency have seen from RMSE values that tend to be small, high TS, and POD which tend to be 
large as well as small FAR. The second experiment is good enough to predict the occurrence of rainfall on wet 
season at Tabing. 
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Generally, prediction in wet season simulated well by Experiment 5 (BMJ-ACM2). Nevertheless, Experiment 5 
was still underestimated in term of rainfall amount based on forecast error analysis which reached 25-30 mm for 24 
and 48 hours. However, Experiment 5 still have several good values based on the other verifications analysis. 
Experiment 5 has RMSE of 0.64 and TS is above 80%, POD reached 1 as perfect score and FAR is 0.14 for 24 hour 
prediction. 
Consistency of model output for the next 48 hours was obtained with either the TS value exceeds 70% and 
RMSE 0.38. POD obtained still above 0.89 and consistent FAR of 0.20. In addition, spatial analysis of the TRMM 
on domain 2 supports that Experiment 5 (BMJ-ACM2) was better than other experiments in term of rainfall pattern 
and verification analysis. Results of the analysis showed that the Experiment 5 well predict rainfall in wet season on 
03 UTC December 28 until 03 UTC December 30 2013. 
Table 2. Verification data using RMSE, TS, POD and FAR for each experiments 24 hours and 48 hours rainfall accumulation on 03 UTC Dec 
28th to  03 UTC Dec 30th 2013. Bold values indicate the most consistent for the given analysis. 
December 
Accumulation (hour) Experiments RMSE TS POD FAR 
24 
EXP 1 3.62 0.25 0.33 0.50 
EXP 3 0.42 0.75 0.75 0.00 
EXP 5 0.64 0.86 1.00 0.14 
EXP 7 0.50 0.43 0.50 0.25 
48 
EXP 1 2.66 0.38 0.56 0.44 
EXP 3 0.53 0.67 0.89 0.27 
EXP 5 0.38 0.73 0.89 0.20 
EXP 7 0.36 0.50 0.67 0.33 
Verification result according to Table 3 were less accurate than wet season simulation. The result revealed that 
Experiments 6 (BMJ-ACM2) is the most consistent based on RMSE, TS, POD and FAR compared to other 
experiments. In more detail, the analysis of forecast errors indicate that there was an error of less than 5 mm for 24 
hours prediction. The consistency of the models based on the value of RMSE was fairly small, and support by TS, 
POD and FAR values which is consistently well. This result showed that Experiment 5 was the best experiment to 
predict the occurrence of dry season rainfall on August in Tabing. This acquisition is also supported by the 
comparison of the spatial domain 2 which shows the pattern and extent similar to TRMM rainfall. 
Table 3 Verification data using RMSE, TS, POD and FAR for each experiment 24 hours and 48 hours rainfall accumulation on 03 UTC August 
10 to 03 UTC August 12 2013. Bold values indicate the most consistent for the given analysis. 
August 
Accumulations (hour) Experiment RMSE TS POD FAR 
24 
EXP 2 3.28 0.63 0.71 0.17 
EXP 4 0.37 0.57 0.57 0.00 
EXP 6 0.27 0.50 0.67 0.33 
EXP 8 0.11 0.43 0.43 0.00 
48 
EXP 2 10.06 0.46 0.67 0.40 
EXP 4 2.54 0.50 0.67 0.33 
EXP 6 0.45 0.50 0.75 0.40 
EXP 8 0.33 0.33 0.56 0.55 
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Fig. 11. RMSE (a) and Threat Score (b) for each experiments for 24 hours and 48 hours accumulation on December 2013. 
(a)                    (b) 
Fig. 12. RMSE (a) and Threat Score (b) for each experiment for 24 hours and 48 hours accumulation on August 2014. 
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4. Conclusion 
Utilization of models Weather Research Forecasting Environmental Modelling System (WRF-EMS) over West 
Sumatra was generally well simulating rainfall event on wet and dry seasons. Spatial analysis on domain 2 revealed 
that Experiment 5 on wet season (December 2013) and Experiment 6 on dry season (August 2014) were the best 
combination scheme which used to predict rainfall event compared to TRMM. Both of them using Betts Miller 
Janjic (BMJ) as convective scheme and Assymetric Convective Model 2 (ACM2) as planetary boundary layer 
scheme. The potential use of WRF-EMS model was reinforced by the results of statistical analysis on the 
Experiment 5 (December) and Experiment 6 (August) using forecast error, root mean square error (RMSE), Threat 
Score (TS), Probability of Detection (POD) and False Alarm Ratio (FAR). RMSE reached 0.64 mm and 0.38mm 
and TS reached 0.86 and 0.73 for 24 and 48 hours in wet season. RMSE in dry season reaches 0.27 (24 hours) and 
0.45 (48 hours) but TS obtained quite small and consistent with 0.50 to 24 and 48 hours. POD and FAR reached 1.0 
and 0.14 (24 hours) as well as 0.89 and 0.20 (48 hours) in wet season. Meanwhile, POD and FAR in dry season 
reaches 0.67 and 0.33 (24 hours) as well as 0.75 and 0.40 (48 hours). Generally, the analysis more accurate to 
predict occurrence of rain in wet season (December 2013) compared to the dry season (August 2014) for 24 and 48 
hours prediction. In addition, BMJ-ACM2 scheme is the best combination scheme to predict rainfall in term of 
rainfall pattern and immensity of rainfall, although rainfall amount is still underestimated at Tabing, West Sumatra. 
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